Munucreperso npocsemenns KaGapauuo - Bankapcekoii Pecny6ianku
Yupasiienne 06pazoBaHUs MeCTHOH aIMHHHCTPAIHH

Tepckoro MyHHIHNAABHOTO paioHa
MKOY COII NeS r.n. Tepek

PACCMOTPEHA COI''TACOBAHA YTBEPXJIEHA

Ha 3aceaHuu H.o. 3amecTuTens

Ilencosera ;[Hperc’r(_)ﬁa no YBP

nporokon Nel ﬂ

or 31.08.2025r. Taxosa JI.X.

Pabouyas nporpamma
Kypca BHEYPOYHOU AeSITEJIbHOCTH

«COBPEMEHHBIE UCCJIEJOBAHUS U
JOCTUXKXEHUS HAHOXUMUN»
(na1s 10 kaacca)



Paspabomuuxu npoepammul:

BoJskosa CBer/iaHa AJleKCaHIPOBHA,

JIOKTOP TearOTHIECKUX HayK, mpodeccop, mpodeccop kadenps
METOJMKH TIPETOJaBaHUusl XUMUHU, OMOJIOTHUH, YKOJIOTHH U reorpadun
OI'AOY BO «l'ocynapcTBEHHbBIN YHUBEPCUTET NPOCBEICHUS

KoasicaukoB Ouer BnagumupoBuy,
ctapumii Mmeronuct MHCTUTYTA pa3BuThs NPOGUILHOTO 00yUeHUS
['AOY BO «MoCKOBCKHIA TOPOACKON Me1arornyeCKuii yHUBEPCUTET

O6oaenckas JIrooosbr Hukos1aeBHa,
KaHIUJAT XUMHUYECKUX HayK, MeToAuCT MHCTHTYTa pa3BUTHS TPOPUITHHOTO
oOyuenust TAOY BO «MocCKOBCKUM TOPOJICKOM MEarorn4ecKuii yHUBEPCUTET»

Peyenzenmoi.

IMapmyruna Jlroamuiaa AjieKkCaHApPOBHA,

KaHJIUJAT NeAarornueckux HaykK, 3aBeAyrolas 1JabopaTopueil €CTeCTBEHHO-
Hay4Horo oopaszoBanus ®I'BHY «MHCTUTYT conepkaHus U METOJIOB OOYUEHUSI»

3arpanunynas Hanexaa AHaTosibeBHA,

KaHJIUJAT eJarornueckux HayK, CTapIivi HayqHbI COTPYIHUK JabopaTopuu
ecTecTBeHHO-HayyHOro oopa3zoBanus ®I'bHY «MHcTUTYyT copep:kaHus U METO0B
0Oy4eHU s
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MNOACHUTEJIBHASA 3AIINCKA

Hanoxynmus sBnsieTcsi €CTECTBEHHO-HAYYHOM OCHOBOW HAHOTEXHOJIOTHH,
UTPAIOIIMX KpaHE BaXXHYK0 pOJb B COBPEMEHHOM TEXHUKO-DKOHOMHUYECKOU
napagurme. Hanoxumus uccnenyer crnocoObl MONIy4eHNs U CTaOWIIM3allud, CBOICTBA,
CTPOGHHME W  OCOOCHHOCTHM  XHMHYECKHX  TpPEBpalleHUd  HAHOOOBEKTOB
Y HAHOMATEpHUAJIOB, a TaK)K€ MX IpPAKTUYECKHe NpwiIokeHus. HaHoxumus crana
JOTUYECKMM  PAa3BUTHEM  KOJUIOMJHOM  XMMHHM, C  OOHOM  CTOPOHBI,
U CyIpaMoOJICKYISIPHON XUMUU — ¢ Apyrol. O0e 3TUX AUCHUIUIMHBI KPUTHYHO BaXKHBI
JUIsl KOPPEKTHOI'O IIOHUMaHUs HAHOXUMHUYECKUX ITOAXO0B.

Pa3BuTe HAaHOXMMHMM M HAHOTEXHOJOTHH CETOJHS CIYXHT (POKycoM
JUIS IPUIOKEHUST CWJI BEAYIIMX YYEHBIX M MCCIENOBATEIBCKUX KOJIJIEKTUBOB.
Hanomarepuanbsl Ha OpPraHMYEeCKOM W HEOPraHUYECKOM OCHOBE IPUMEHSIOTCS
B OIPOMHOM KOJINYECTBE MPOAYKTOB COBPEMEHHON ITPOMBIILIEHHOCTH. ONUChIBAEMOE
HaIpaBJIEHUE CIYKUT OJHUM M3 CTOJIOB Tak Ha3biBaeMoil NBIC-konBeprenuumy,
BXOJISIIEH B AJIpO MpeAcKa3biBaeMoro gpyryposaoramMu V| TEXHOJOTHYECKOTO yKIIaaa.

PaGouass mnporpamma Kypca BHEYpPOUHOU JesITeabHOCTH «COBpEMEHHbIE
UCCIIEIOBaHMUSI U JOCTHXKEHMs HaHOXuUMHUM» (nanee — Ilporpamma) ectecTBeHHO-
HAay4YHOM HaINpaBJIEHHOCTH I03BOJIAET OCBETUTh oOywaromumcs 10-11 kmaccos
OCHOBHBIE TE€3UChl HAHOXUMHUH, a TAK)KE HAMETUTh OCHOBHBIE HANPABJICHUS PA3BUTUS
HAyK{ O MUPE HAHOOOBEKTOB U €€ TEXHOJIOTMYECKUX MPUIIOKEHHUM, TOJTYyYUTh OHITHE
O COBPEMEHHBIX Hay4HbIX MeTojax. Peasmszanms IIporpaMmsbl MO3BOJIMT JOCTUYb
0ojee TOJHOTO NOHMMAHHS IIKOJbHUKAMU €CTECTBEHHO-HAYYHOIO TMOAXoAa K

HN3YYCHUIO ITPUPOJALI U PA3BHUTHUIO HA €0 OCHOBC TeXHOHOFI/Iﬁ, MCHSAIOIINX MUP.

AKrtyaabHocTh IIporpamMmmel

Hanoxumusi B CBOMX IPOSIBICHUSX OTHOCUTCS K 00JACTH €CTECTBEHHBIX HAYK
B esnoM. M3HauanbHO CQOPMHUPOBABUINCH HA CTBIKE XUMUU U (U3MKH,
HAaHOXMMHYECKUE TMOAXOABI BO MHOIOM BIMAIOT HAa COBPEMEHHOE IIOHUMAaHHE

MOJICKYJISIPHBIX OCHOB OMOoJIOTHH U APYIrux HayK. TeM He MeHee B IIKOJIbHBIX Kypcax
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M0 €CTeCTBEHHO-HAy4YHBIM TIPEJAMETaM TEMbl, CBS3aHHbIE C HAHOXHMHEMH,
pacrosiaratorcs MOpO3Hb W 3aHUMAIOT KpailHe Mamiblii oOmuii oO0bem. B wyactu
Bo3MoxkHOTO AyOmmpoBanus ¢ @OII COO mo npeametHoit obnactu «EctecTBeHHO-
Hay4JHbIe TpeaMeTh» [IporpaMMa mouTu He epecekaeTcs Hu ¢ penepanpHoi pabodeit
IPOTPAMMOM TI0 yIeOHOMY TIPEeIMETY « XUMUSD» (TEMBI « AJUTOTPOITHBIE MOAU(DUKAITHH
yraepona», «[loHsaTue o mucriepcHbIX cucteMax», «lIpeacTtaBieHne o KOJUIOMTHBIX
pacTBopax» B pazzenie «TeopeTnyeckre OCHOBBI XUMHUW», a TakKe YINOMHUHAHUE
HAHOTEXHOJIOTUN B pazjenie «XUMUS M KU3Hb»); HU C (QeaepaabHOil paboyeit
nporpamMmoit o yueoHomy npenmery «Pusuka» ( «IloBepXHOCTHOE HATSKEHUE
B TeM€ «ATrperatHble COCTOsIHUSI BemiecTBa. Da3oBble MEPEXOJbl»; YINOMHHAHHE
«Ilonyuenue HaHOMaTepuanoB» B TeMe «OCHOBBI MOJEKYISIPHO-KUHETHYECKOM
Teopun»); HU C deaepanbHOl pabodeil mporpaMMod 1O Yy4eOHOMY MpPEIMETY
«buonorus» («OO1mMe cBONCTBa OMOJOTUYECKHX MEeMOpaH» B TeMe «XHUMHUYecKas
opranu3ainus KieTkn»; « HaHOTeXHOIOTHN B OMOJIOTUU U METUIIUHEY ).

[Iporpamma pa3paboTaHa B COOTBETCTBHUU C TpeOOBaHUSIMU (eepaibHOTO
roCyJapCTBEHHOT0 00pa30BaTeNIbHOTO CTaHAapTa CpeaHero oOIero oOpa3oBaHUS
(®T'OC COO). HeobxomumocTs peannzaiiuu [Iporpammel cBs3aHa ¢ KpaifHe IMUPOKUM
pacnpocTpaHEHUEM  TPOIYKTOB HAHOXUMHH B COBPEMEHHOM MUpe
U BBIIICYTIOMSIHYTBIM ~ HEIOCTATOYHBIM  OTPAKEHHEM  OCHOBHBIX  IPHUHITUIIOB,
Ha KOTOPbIX OHa TOCTPOCHA, B OCHOBHOM 0O0pa3oBaTenbHONl Mporpamme.
JIJ1s1 4aCTHYHOM KOMITEHCAIIMU 3TOr0 pa3pbiBa B MOCKBE y»K€ MHOTO JIET TPOBOUTCS
OJIMMITHA[IA TI0 HAHOTEXHOJIOTUSAM — OIUMIIHaa NIKOJILHUKOB « BBICOKHE TEXHOIOTHH
U MaTepuainsl Oymymiero». 3amganus OIUMIUAILI TO3BOJSIOT HIKOJIBHUKAM TOHSTH,
HAaCKOJbKO OHH OpPHECHTHPYIOTCA B JTOM MEKIUCIHUILUIMHAPHOW  OOJIacTH.
CucremMaTnueckoe >Ke€ IOJyYCHHE 3HAaHWUH BO3MOXKHO OPTaHHM30BaTh HAa YpPOBHE
cpeaHero oOiiero o00pa3oBaHHMs B paMKaxX BHEYPOUHOM JCSATEILHOCTH WM
JOTIOJTHUTEIFHOTO 00pa30BaHus, B YaCTHOCTH NP pean3aiu fanHoi [Iporpammel.

bonsmoe BHUMaHuE B HporpaMMe YACIACHO METOdaM ITOJIYUCHHA U NU3YUCHUS



HAaHOCTPYKTYPUPOBAHHBIX BelIeCTB MW MaTepuanoB. [IpakTuueckass CcTOpoHa
[IporpamMmbl TIO3BOJISIET YBUAETh SPKUE CTOPOHBI HAHOXUMHUH TPU OTHOCHUTEIHHOU
JIOCTYITHOCTH BBITIOJIHEHUSI YYEOHO-UCCIIEI0BATEIHLCKOTO SKCIIEPUMEHTa U BO MHOTOM
Oasupyercs Ha TpUMeEpax JabOpaTOpPHBIX padoT, HW3IOKEHHBIX B I[IpakTukyme
1o HaHOMaTepuasiaM W HaHotexHojorusM A.b. IllepbakoBa m B.K. MBanoBa [16].
N3ydeHre HAHOXUMHH OTKPBIBAET MHOT'O HOBOT'O M HEOKHUIAHHOTO KaK JJIsl YYEHUKOB,
TaK ! Ui neaaroros. [ IpoekTHas 1 uccinenoBaTenbCKas IeATEIbHOCTh [0 HAHOXUMUU,
KOTOpasi MOYKET BBINOJHATHCSA ¢ onopoil Ha [IporpaMmy, pu JOJKHON MOCTaHOBKE
OyneTr mpuBOAUTh K OOBEKTHBHO HOBBIM pe3yjbTaTaM, PaHEE HE ONKMCAHHBIM B
HAay4YHOU JINTEPATYPE.

Hosusna IIporpamMmmsbl 3aKJ1104a€TCsA B TOM, YTO OHA IOCTPOEHA HA MOILIarOBOM
O3HAKOMJICHUU O0YYarONIMXCsl C OCHOBAMU HAHOHAYKHU U €€ MPUII0KCHUSIMHU.

Peanuzanus Ilporpammbl criocoOCTByeT AeTalM3alliu 3HAHUM O0Yy4YarOIIMXCs
0 (PU3UKO-XMMUYECKUX TMpOIeccax, MPOTEKAIOIMX HAa HAHOYPOBHE, PACIIUPEHUIO
MPEACTABICHU O BO3MOXKHOCTSX MPUMEHEHUSI HAHOXMMHUYECKUX IOAXOIOB,
CrIoCcOOCTBYET MpodOpUEHTAIIMH 00yYarOIIUXCS.

IHenarornveckasi nesiecoodpasnoctb [IporpamMmbl 3aKIIFOYaeTCS B TOM, UTO
OHa CO3/aeT yCIoBUS sl (OPMHUPOBAHMS Yy OOYYAIOIIMXCA €CTECTBEHHO-HAYYHOM
KapTUHBI MUpPA, Pa3BUBAET YMEHHE KPUTUYECKOTO OCMBICIEHUS MH(GOpMAIINH, TACT
BO3MOXKHOCTh ~ TMOJYYWUTh  HABBIK  MPOBEACHHS  YYEOHO-HCCIEAOBATEIIHCKOTO
HKCIIEPUMEHTA, pacIIUpseT 0aszuc Uil YIrIIyOJICHHOTO W3Y4YeHUS HAaHOXMMHYECKUX
ITPOLIECCOB B BBICUIEH IIKOJIE.

Heas [porpaMmmbl — 1aTh 00y4arONMMCs KPaTKUN SKCKYPC B MEKITPEIMETHYIO
00J1aCTh HAHOTEXHOJIOTUH 1 UMITYJILC K CAMOCTOSITEIbHOMY U3YUYEHHUIO U TBOPUECKOMY
Pa3BUTHIO; JJaHHAsA 00JIACTh B HACTOSIIIIEE BPEMsI SIBJSIETCS OJHOM U3 «TOYEK POCTa»
JUIS.  Pa3BUTHS TPOMBIIIJICHHOCTH M HAXOJIUT MHOTOYHUCJICHHBIE MPUMEHEHUS

B COBPEMEHHOM TEXHHUKE.



Bapuantsl peanusauuu IIporpamMmmel u ¢popMbl ipoBeieHUs 3aHATHI

Peamuzanmsa  IIporpamMmbel  mpenmosiaraeT — cOYeTaHUE  JICKIIMOHHOM
¥ CEMHHApPCKON (opM paboThl C dBJIEMEHTaMU MPAKTHUKyMma:. JIEKIHMH, CEMUHapBhI,
JTUCKYCCUHW, 3allUThl  MPOEKTOB, Y4YEOHO-HCCIEHOBATEIbCKUNA  HKCIIEPUMEHT,
IPAaKTUYECKHE paboThl — M300paKEHUE XUMHUYECKMX (HOpMYJ, BU3yaIM3aLUs
TPEXMEPHBIX 0OBEKTOB U TIP.

B cemMunapckoiif yacTv BO3MOXHA CMEHA WHAMBUIYAIbHBIX U TPYNIOBLIX (hopM
IIPOBEJICHHSI B 3aBUCUMOCTH OT IIPEANOYTEHUM Mnenarora. B mpaktudecko dacTtu
BCTPEYAIOTCS KaK y4eOHO-HCCIEN0BATENIbCKUI SKCIEPUMEHT, TaK M KOMIIBIOTEPHBIN
PAKTUKYM.

IIpn peasmsanuu [IporpaMMbl HMCHOJIB3YETCSl BBIYMCIWTENbHAS TEXHUKA,
o0ecreynBaas A0CTyl K CHEUAIU3UPOBAHHOMY IMPOrPaMMHOMY OOECIEYEHHUIO
YW HAY4YHOU JINTEPATYpE.

JUIsi  caMOCTOATENBHOTO H3Y4YEHUs MPENYyCMOTPEH CIMCOK AaKTYaJIbHOM
JUTEPATYPbl MO OIMUCHIBAEMOM 00JIaCTH, PACCUMTAHHBIM KaK Ha YYHUTENEW, Tak
Y Ha IIKOJbHUKOB, YYACTBYIOIINX B peanu3anuu [IporpaMmsl.

[Iporpamma paspaborana st obydwarouuxcst npoduiabHbix 10-11 kitaccos
(ecTecTBeHHO-Hay4YHBIH Tpoduis oOydeHwus ). IIporpamma paccumtana Ha 2 Toja
oOyuenusi. OO1Iee KOJIMYECTBO BPEMEHHU, OTBOAMMOTO Ha ocBoeHue IIporpammel,
cocraisieT 68 yacoB. [Iporpamma peanusyercs 1 pa3 B Heaento no 1 yacy. Bapuantom
peanu3anuu MoxeT ObITh u3ydenue IIporpammel B 10 kiacce B pexume 3aHATUN 2
yaca B HEJIEIIO.

@OpMBI KOHTPOJISI CIIY>KAT JUIsl ONPENENICHUs PE3YJbTATUBHOCTH OCBOECHMS
[Iporpammbl  oOyvaromumucs. Atrecrauuds npoBoauTcss |  pa3 B Trox:
IIPOMEKYTOUHAs — IO UTOTaM MEPBOro rojia 00y4eHusl, UTOroBasi — BECHOM BTOPOTO
rojia oOy4eHwus.

Dopmbl npogedeHus ammecmayuu.:

® TECTUPOBAHUE;

® [IPAKTUYECKUE 3aHSATUS;

e 3ayeTHas paboTa.



B3aumocssss ¢ penepanbHoii padodeil MPorpaMMoii BOCIUTAHUS

IIporpamma paszpaborana ¢ y4eToM pekoMmeHaalui denepanbHol pabouei
IPOTrpaMMBbl BOCITUTAHUS ISl 00IIe00pa3oBaTeNbHBIX opranu3anuii. OHa yYUTHIBACT
MICUXO0JIOTO-MIEAArOTHYECKUE OCOOCHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KaTeropuun
0OyJarommxcs.

B wactHoctn, B xome peanuszanuu I[IporpaMmbl BO3MOXHO COYETaTh Kak
MHTEJUIEKTYaJIbHOE, TaK U COLMAJIbHOE Pa3BUTHE 00YUaIOIIMXCS, CO3/AI0IEe OCHOBBI
JUISL UX CAMOOTIPEAEIEHUS] HA OCHOBE IYXOBHO-HPABCTBEHHBIX LICHHOCTEM.

K 3agauam peanmzanmum ganHou [IporpamMMbl MOXHO OTHECTH JOCTHUKECHHUE
JMYHOCTHBIX PE3yJIbTaTOB OCBOCHUSI 00II€00pa30oBaTEIbHBIX MPOTpaMM MO (HU3HKE,
xuMuu 1 ouosioruu B cootBeTcTBUM ¢ PI'OC COO, a umeHHO: chOPMUPOBAHHOCTH
[IEHHOCTE CaMOCTOSITEIbHOCTM W HWHHUIUATHUBBI, TOTOBHOCTH OOYYarOIIMXCS
K CAMOPa3BUTHUIO, CAMOCTOSITEIIBHOCTU U JIMYHOCTHOMY CaMOOIIPEACIICHUIO, HATUYue
MOTHBAllMM K  [EJICHANPABJICHHOM  COLMAJIbHO  3HAYUMOM  JEATEIBHOCTH,
c(hOpPMHPOBAHHOCTh, BHYTPEHHEW MO3UIIMM JIMYHOCTH KaK 0COOOro IIEHHOCTHOTO
OTHOIIICHUS K ce0€e, OKPYKAIOIIUM JIFOSIM U )KU3HU B LIEJIOM.

[IporpaMmma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIpaBJICHUSIM
BOCIIUTAHUS: TPAXKIAHCKOE BOCIUTAHUE, MATPUOTUYECKOE BOCIUTAHHUE, HAYXOBHO-
HPABCTBEHHOE BOCIHUTAHHUE, ICTETUUYECKOE BOCHUTaHUE, (DOPMUPOBAHHE KYJIHTYPbI
3I0pOBOTO 00pasza >KWU3HH, TPYJIOBOE BOCIHTAHHE, SKOJOTHYECKOE BOCIHUTAHHE,

BOCIIMTAHHUC ICHHOCTU HAYYHOT'O ITO3HAHM.

Ocob0ennocru padorsl negarora no Ilporpamme

Ilepen mnpenonaBateneM, pabotatoum 1o Ilporpamme, crouT 3agada
TapMOHUYHOTO COYETAHMS 3JIEMEHTOB XUMHUU, OUONOTUH, (PU3UKH U UHPOPMATUKH,
KOTOpbIE HEOOXOIUMBI ISl KOHBEPI€HTHOTO MOHUMAaHUsI HAHOXUMUHU. TeM He MeHee
aKLIEHT B cocTaBieHUH [IporpaMMsl cellaH Ha XUMUYECKUE aCIIEKTHI HAHOHAYKH, YTO
MOKET YaCTUYHO CMSTYUTh KaJpOBbIN BOIpoc B peann3aiuu [Iporpammel. YcBoeHue
OOy4aroIMMHUCS HOBBIX 3HAHUW B 3TOM 00JACTHM TECHO CBSI3aHO C YCHEIIHOCTBIO

pcain3aliin y‘IG6HO-I/ICCJ'IGI[OBaTeJIBCKOFO OKCIICPUMCHTA M IIPAKTHYCCKUX pa60T,



3anokeHHbIX B [Iporpammy. Ilpu HeEmOCTaTOYHOCTH MaTepUATBHO-TEXHUYECKOTO
OCHAlIeHMWs] 00pa30BaTEIbHOM OpraHu3allid pPEKOMEHIYETCS ClejaTh aKIEeHT
B peanuzanuu Ilporpammbl Ha paboTy ¢ uuppoBbIMU pecypcamu. Bo3moxHO
COKpAI[eHHE KOJMYECTBA IUIAHUPYEMBIX MPAKTHUYECKUX paboT Hans yriryOJeHus
paboThl HaJ TeopeTUUecKUMU pazaenamu [Iporpammel.

OtnuuntensHas ocooeHHOCTh [IporpaMMbl COCTOUT B TOM, UTO B €€ TOCTPOCHUU
U peaju3anuu:

® DAa3BUBAIOTCS  MEXIIPEAMETHbIE  CBSI3HM, 3aJI0)KEHHBIE B  OCHOBHOMU
o0pazoBaTeILHON IPOTPAMME;

e BOCHOJHSETCS  AeUUUT  COBPEMEHHOM  HayyHOH  uH(poOpmanuw,
IPOCJIEKUBAETCS. B3aUMOCBA3b KJIACCHUUECKUX JOCTHKEHUN XUMHM U (PU3UKU C UX
MPUIIOKEHUSMHU B COBPEMEHHOW HaHOTEXHOJIOTUH,

® DPa3BUBAIOTCA MMO3HABATEIbHBIC KOMIIETCHIINN 00yYalOIINXCS;

® AKTHBHO MCIOJB3YIOTCSI COBPEMEHHBIE SKCIIEPIMEHTAIBHBIE U BEIYUCIUTEIBHBIC
METO/IbI;

® [OJJICPKUBACTCS  OpPHUEHTAlUsl  OOyyarlouMxcs Ha  MOCIEAYIOILLYIO

CHEIUAIN3aIMI0 B 00JIaCTH KaK (PyHIaMEHTaIbHOM, TaK U MPUKIIATHON HAYKH.



COJIEP)KAHUE KYPCA BHEYPOUHOM JESITEJIBHOCTH
«COBPEMEHHBIE UCCJIEJOBAHUMA U JOCTUKEHUA HAHOXUMHUN»

10 KITACC

Paznen 1. Opranm3zanuonHoe 3anatue «HaHoxumMus ¥ HAHOTEXHOJIOIMA
KaK MeXIUCHUILIMHAPHAs 00sacThb». [lean u 3agayu Kypca. MHCTpyKTa)XK

Tema 1.1. Beeoenue ¢ Ilpocpammy

Teopusa. ®opmbl 1 MeTOABI AesTeNbHOCTH. [lman paboTel Ha yueOHBINH TO/I.
WHCTpyKTaX 10 TEXHUKE OE30MACHOCTH.

Ilpakmuxka. IlepBuuHas q1uarHocTrka. BXoIHOE TeCTUpPOBaHHUE.

Pa3znesn 2. UcTopusi HAYKH 0 JUCHEPCHBIX CHCTEMAaX

Tema 2.1. Hauano usyuyenus noOGEPXHOCHMHBIX AGJCHUI U OUCHEPCHBIX
cucmem

Teopus. Kamumnsipsl 1 3akoH Jlarumaca. M3ydenue ancopOuuu (K. Hleerne,
T. JloBum). Metannuueckue 3omu (M. @apaneit). bpoyHoBckoe amxenue. OcMoc
u quanu3 (T. I'pam). Kommoumneie cucremsl. OmnpeneneHue uucia ABOTaapo
(OK. Ileppen). Oddexr Pebunmepa. TepMUH «HAHOTEXHOJOTHUW», HCTOPHUS €TI0
nosiBiicHus U nonyisapusanuu (P. ®eitaman, H. TanuryTu, O. [{pekciep).

Ilpakmuxka. Y4ueOHO-UCCIEOBATENIbCKUI dKCIIEpUMEHT: M3yuenue aacopoumu
KpacHUTeJIel C MOMOIIbI0 aKTUBUPOBAHHOTO yrid. OmpenesieHne ero CopOIrMoHHOM

CITOCOOHOCTH.

Pa3znen 3. OcHoBBbI GU3MKH MOBEPXHOCTH U IUCIEPCHBIX Cpe/l

Tema 3.1. Ocnoswl huzuku nosepxnocmu

Teopus.  DU3MKO-XMMHUYECKHE CBOMCTBA aTOMOB Ha  IOBEPXHOCTH.
[ToBepxHOCTHOE HaTsDKEeHHE. AjncopOiusa. CMauynBaHUeE.

Ilpakmuxa.  YueOHO-UCCIENOBATEIbCKUI  AKcnepuMeHT:  OmnpeneneHue
MTOBEPXHOCTHOTO HATS)KEHUS BOJIbI METOJIOM OTPhIBa Kareb.

Tema 3.2. Ceoiicmea oucnepcHuvlx cpeo

Teopus. DNEKTPUUECKHE CBOMCTBA. YCTOMYMBOCTh. PDU3MKO-XHUMHUYECKaS
MEXaHHKA.
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Ilpakxmuka. Y4eOHO-UCCIENOBATENbCKUN JKCIEepUMEHT: OIeHKa TOJIIUHBEI

Fpa(I)I/ITOBOI\/'I JIMHUH B 3aBUCUMOCTH OT MAT'KOCTHU KapaHaIlla.

Pa3znen 4. JlucniepcHble cMCTEMbI: MOJIy4YeHHE M IPUMEHEHH e

Tema 4.1. Knaccugpukayusa oucnepcuvix cucmem

Teopus. Knaccudukauus AucnepcHbIX cucteM. [IoHSATHS «HaHOMaTepHa»,
«HaHOOOBEKT». Buabl HaH000BekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MaKpOOPUCTHIE).
SApxue npuMepbl NposIBIICHUS pa3MepHOTro 3 dexTa.

IIpakmuxka. Tlpaktudeckas pabota: MojenupoBaHue CTPYKTYpbl HAaHOYACTHII
pa3HOro pa3Mepa, CpaBHEHUE JIOJU IIOBEPXHOCTHBIX AaTOMOB W  4YHUCJa
HECKOMIIEHCHUPOBAHHBIX BAJICHTHOCTEM.

Tema 4.2. lucnepcuvie cucmemul, cooeprcaujue 2a3oeyio gasy

Teopus. Ilensl, a3p0O30JIM U a3POTENH.

Ilpakmuxa.  Y4ueOHO-UCCIENOBATEIbCKUI  AKCIepuMeHT:  OmpeneneHue
YCTONYMBOCTH MEHBI MOIOIIIUX CPECTB.

Tema 4.3. [lucnepcuvie cucmemul, cooepicaujue HcuoxKyr gazy

Teopusa. 3onu, renu, SMyJIbCUHU U cyclieH3ud. llonoxeHue 301ed Ha mIKale
JIMCTIEPCHOCTU KOJIJTOUIHBIX CUCTEM.

Ilpakxmuxa. Y4eOHO-UCCIIENOBATEIbCKUM JKcrepuMeHT: [lomydenue 3omei
HAaHOCTPYKTYPUPOBAHHOIO cepedpa.

Tema 4.4. /lucnepcuvie cucmemul, cooepircaujue nO8EPXHOCHMHO-AKMUGHbBIE
seujecmea

Teopusa. 1loBepXHOCTHO-aKTHBHBIE  BeliecTBA. MemOpaHbl, MUIEIIIBI
Y JTUNIOCOMBI. Bruonornyeckue 1ucnepcHbie CUCTEMBI.

lIpakmuka. Y4eOHO-UCCIEAOBATENbCKUN 3KcnepuMeHT: M3yueHue BIUSHUSA
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA MOBEPXHOCTHOE HATSKEHHUE.

Tema 4.5. Memoowt eusyanuzayuu HaHouacmuy

Teopus. Dbdext Tunnans. AHaIU3 TPACKTOPUHN JBUKECHUS HAHOYACTHII.

Ilpakmuka.  Y4eOHO-UCCIIENOBATEIBLCKUA  JKCIEPUMEHT:  JleMoHCTpanus

s dexra TunmaNg HA AUCTIEPCHBIX CHCTEMAaX Pa3IUYHOrO POJIA.

11



Paspen S. Meroasl cUHTe3a HAHOCTPYKTYPHPOBAHHBIX BelIeCTB
U MaTepPUAJIOB

Tema 5.1. Ilpunyun «ceepxy-eHu3»

Teopua. 1lpyHUMIIBI TTOMYYEHHSI HAHOCTPYKTYDP. «CBEPXY-BHU3» U «CHHU3Y-
BBepx». [lomyuenue rpadena. OcobeHHoCcTH pabOTHI IUTAHETAPHBIX METBHUII.

llpakmuxa: Ilpaktudeckass pabota: IlocTpoeHue Mojenu IUJIaHETAPHOU
MEJIbHHUIIBI.

Tema 5.2. IIpunyun «cHu3y-66epx»

Teopus. OcHOBBI cynpaMoneKkyJisipHoi xumuu. Camocoopka. MeToibl CUHTE3a
HAHOYACTHULl: «MATKOW XUMHUEW» — 30/b-T€llb, «TOMOIE€HHOI'O OCaXICHUSD,
oOpalieHHO-MHULICJUISIPHBIN, MHUKPOAMYJIbCHUOHHBIN; Tepmonn3, CVD. Meroasl
cTaOWIM3allM  HAHOYACTHUIl:  CTEpUYEeCKas, XeJaTHas, JJEKTPOCTaTHUeCcKas,
umMMoOuIn3anueil B marpune. HampaBineHHbI CHHTE3 HAaHOOOBEKTOB: KBAHTOBBIE
TOYKHM, HAHOIUIEHKM, OObEMHble HaHoOMaTepuaibl. Monaudukanus CBOWUCTB
HaHOMAaTEpPUAJIOB.

Ilpakmuka: Y4eOHO-UCCIENOBATENBCKUIN dKCIIEpUMEHT: ['a3oda3Hblil cuHTE3
HAaHOKPUCTAJUIMYECKOr0 Xjopuaa amMmoHud. llomyuyeHue 3071e HaHOMAarHeTuTa,
HAaHOPa3MEpPHOIo JUOKCHAA THUTaHa, OepiMHCKON ja3ypu. llomyueHue HaHOIIECHOK
cepeOpa Ha CTEKJISIHHOM Moju1okKe. O1leHKa UX TOJILIKHBI.

Hpomeofcymouua}l ammecmauus.

11 KJIACC

Pa3znen 6. Meroabl HcCiaeI0BAHUS HAHOCTPYKTYPHPOBAHHBIX BeleCTB
U MATepuaJioB

Tema 6.1. Onmuueckue memoowvt

Teopus.  OnTtuyeckue  CBOMCTBA  HAHOYACTHIT W  HAaHOMAaTEpHUAJIOB.
Mukpockonus. Judpakumonnsii mnpenen. doromerpus. CrekTpopoTOMETpHS:
U3MEPEHUE  NPOIYCKaHUs, TMOIJIOUIEHUs, JIIOMHHECHEeHUHH. JuHamuyeckoe

CBCTOPACCCAHUC.
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IIpakmuxka: TlpakTndeckas padota: MUKpOCKOUYECKOE U3yUYE€HHE MTPENapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. IneKkmponnas MUKpoCKonus

Teopusi. DNEKTpOHHAas MUKPOCKOIMSA: IMPOCBEYMBAIOIIAS W CKaHUPYHOLIas.
Oco0eHHOCTH U3yYeHHs] OMOJIOTUYECKUX OOBEKTOB Ha HAHOYPOBHE.

IIpakmuxka: llpaktudeckass padota: CpaBHUTEIBHBIM aHaNU3 H300paKEHUM
HAHOCTPYKTYP, NOJYYEHHBIX SJIEKTPOHHON MUKPOCKOIHUEH.

Tema 6.3. Penmeenosckan ougppaxmomempusn

Teopus. Pentrenodas3oBplii aHanmu3. VYIIMPEHHE THUKOB KaK MPU3HAK
HAaHOOOBEKTA U KaK CIOCO0 OLICHKH pa3Mepa KPUCTAIIUTOB. PEHTT€HOCTPYKTYpHBIN
ananu3. OnpenesieHne CTPYKTYpbl HAHOPa3MEPHBIX OOBEKTOB HA aTOMHOM YPOBHE.

IIpakmuxka: Ilpaktuueckas paborta: Busyanuzaius cTpykTyp OHONOIMMEPOB,
MOJIYYEHHBIX METOJAOM PEHTT€HOCTPYKTYPHOTO aHaJN3a.

Tema 6.4. Ckanupyrowias 30H006a1 MUKPOCKONUS

Teopus. TyHHENbHAsT MUKPOCKONUSA. ATOMHO-CHJIOBass MUKPOCKOIHS. AHAIU3
HAaHOCTPYKTYpbl — MOBepXHOCTeW. CTaTUUECKHMI W  JIUHAMUYECKUN  PEXKHUM
CKAaHUPOBAHUSI.

Ilpakmuxa: llpaktuueckas paboTa: AHaIU3 W300paXKEHUM, MMOTYYEHHBIX
METOJIOM aTOMHO-CHUJIOBOM MUKPOCKOTIMH, C TOMOIIBI0 COBPEMEHHOTO MPOTPAMMHOIO
oOecrieueHus. Y4eOHO-HCCIIEIOBATEIbCKUNA IKCIIEpUMEHT: M3ydyeHune mnoBepxHOCTH

MCTOJOM aTOMHO-CHUJIOBOM MHUKPOCKOIINH.

Pazgen 7. @MOyHKUUOHAJIBbHbIE CBOMCTBA HAHOCTPYKTYPUPOBAHHBIX
BellleCTB U MAaTEPUAJIOB

Tema 7.1. @yukyuonanvHvle ceolcmea eeujecmea, obecnevusaemvle
Hanomamepuaiamu

Teopus. CBepxHU3Kas CMAa4YMBaE€MOCTb. CBepXnpoOYHOCTb.
BricokotemnepaTypHas cBepXnpoBoauMocTb. CpepxduibTparusa. CBEpXbIPKOCTh
ceeroucnyckanus. Cyxas aare3usi (OMOMUMETHKA FreKKOHa). MarHuTHbIE CBOWCTBA.

IIpakmuka. Y4eOHO-UCCIENOBATEILCKUM dKcTiepuMeHT: M3yuenue «dddexra

JIOTOCA» Ha MPUMeEpPE JierecTKa po3bl. FI3MepeHune kpaeBoro yria.
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Pa3nen 8. HaHOTeXHO/IOTMH — IEPCIEKTHUBBI Pa3BUTHS M COCTOSIHHE HAYKH
HAa CeroAHAIIHUN JeHb

Tema 8.1. Coépemennvle npumerneHus HAHOMEXHOI02UU

Teopus. CoBpeMeHHbIE IPUMEHEHUSI HAHOTEXHOJIOTHH, 001Ul 0030p.

Ilpakmuka. BuktopuHa: HaHOTEXHOJIOTUM B HAILIEW KU3HU.

Tema 8.2. Yenepoouvie nanomamepuainl

Teopus. Ocobas pons yriepoaa B HaHomupe. Dymiepensl, rpadeH,
HaHOTPYOKH.

Ilpakmuxa. IlpakTudeckas paboTta: MojenupoBaHue ITPOCTPAHCTBEHHOU
CTPYKTYpPBI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuanwl ona snepzemuxu

Teopus. HaHomarepuaibl B  TOIUIMBHBIX JJI€MEHTax. JIMUTUN-MOHHBIE
aKKyMyJSITOpbl. CylepKOHI€HCATOPHI.

IIpakmuka. Y4eOHO-UCCIIEOBATENbCKUN dKCIIEpUMEHT: V3MepeHne eMkocTh
JUTHN-UOHHOTO aKKyMYJISITOPA.

Tema 8.4. Hanosnekmponuka

Teopusa. 3akon Mypa. TexHonornueckuid mpouecc MPOU3BOACTBA
UHTETpaIbHbIX MUKpOcXeM. CHUCTEMBI 3aiCH HH()OPMALIUH.

Ilpakmuxa. Tlpaktudyeckas pabota: AHamu3 H300paKEHHUS TOBEPXHOCTU
KOMIaKT-MCKa.

Tema 8.5. Hanomamepuanwl 6 meouyuHne u 3Ko102uu

Teopua. Hanommarnoctuka. IIpuMeHeHMe HaHOMATEpUaIOB B TEpaIMH.
Hanocop6enTsl. @oTokaTtanuzaTopsl. CaMOOYUCTKA.

Ipakmuxa. Tpaktudeckas padbota: Busyanuzaiusi mpoCTpaHCTBEHHON CTPYKTYpPbI

HaHO6I/IOHpeHapaTOB C IOMOIIBbO COBPECMCHHOI'O IIPOTPpaMMHOI'0 oOecrieueHus.

Pazgen 9. AkxkryaabHble mpodjeMbl B 00J1aCTH  HAHOXMMHUM
U HAHOTEXHOJIOTUH

Tema 9.1. Juckyccusn

Teopus. AxtyanbHbie TPOOJIEMBI B 001ACTH HAHOXUMUU U HAHOTEXHOJIOTHH.

IIpakmuka. IToroBas arrectamus. 3aueTHas padora.
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IIJIAHUPYEMBIE PE3YJIbTATHI OCBOEHHMS KYPCA BHEYPOUHOM
NAEATEJBHOCTH « COBPEMEHHBIE UCCJIEJOBAHUA
N JOCTUXKXEHUA HAHOXUMHUW>

JIMYHOCTHBLIE PE3YJIBTATDBI

B cghepe epasicoancroeo socnumanusi:

CIIOCOOHOCTH OIPEAEATh COOCTBEHHYIO MO3MIIMIO 10 OTHOIICHHIO K SBJICHUSIM
COBPEMEHHOM KHU3HU U OOBSICHITH €€¢;

TOTOBHOCTh K COTPYAHHYECTBY B TIPOIECCE COBMECTHOTO BBIITOJTHCHUS
y4eOHBIX, TO3HABATEIIBHBIX U UCCIICIOBATEIIbCKHX 33024, YBAXUTECILHOTO OTHOIIICHHS
K MHEHHIO OIIITIOHEHTOB MPH 00CYKICHNN CTIOPHBIX BOIIPOCOB €CTECTBCHHO-HAYYHOTO
COJICPIKAHUSI.

B cgpepe nampuomuuecxkoeo socnumanus:

yBaXCHHE K IIPOIIECCY TBOpPYECTBA B OOJACTH TEOPHUH W IMPAKTUIECKOTO
NPHJIOKEHUST HAaHOHAYKH, OCO3HAHHUS TOTO, YTO YCIEXH HAyKH W TEXHOJOTUU €CTh
pe3yNbTAT JUIUTEIBHBIX HAOITIOJACHUN, KPOIIOTIMBBIX 3KCTICPUMEHTAIBHBIX ITOUCKOB,
TIOCTOSTHHOTO TPYJa YICHBIX U MTPAKTHKOB,;

CIOCOOHOCTH OIICHUBAThH BKJIaJ] POCCUHUCKUX YUCHBIX B CTAHOBJICHUE U PA3BUTHE
HAaHOXWUMUH, TIOHMMaHUE 3HAUCHUS HAYKW B IMO3HAHWW 3aKOHOB NPHUPOJBI, B KU3HU
YeJIOBEKa U COBPEMEHHOT'O 00IIECTRA.

B cghepe 0yxosno-nupascmeennoco ocnumanusi:

OCO3HaHWE JIMYHOTO BKJIJ[a B TIOCTPOSHUE YCTOMUNBOTO OYAyIIero;

CIIOCOOHOCTh OIICHMBATh CHUTYAaIlMI0O W TPUHAMATh OCO3HAHHBIC PEIICHUS,
OPUCHTHPYSICh Ha MOPaIbHO-HPABCTBCHHBIC HOPMBI U IICHHOCTH.

B cghepe scmemuueckoeo socnumanusi:

ACTETHYECKOC OTHOIICHHWE K MHUpPY, BKIIOYas OCTETUKY  HAYYHOIO
Y TEXHUYECKOTO TBOPYECTBA.

B cghepe popmuposanus kynomypsl 300po6wsi:

coOiroficHue TpaBwil 0e30MacHOrO OOpallleHWs C BellecTBaMU B OBITY,

IIOBCEJHEBHOM KXU3HU, B TPYI0BOU AECATEIBHOCTH;
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OCO3HaHWE TOCIEACTBUIA M HEMPHUITHE BPEIHBIX NPUBBIYEK (YMOTpeOIeHUs
aJIKOT0JIs, HAPKOTUKOB, KYpEHUs);

MNOHUMAHUE [IEHHOCTH MPaBWI HWHAMBUAYAJBHOTO M  KOJUIEKTUBHOTO
0e30MacHOro MOBEICHUS B CUTYalUsAX, YTPOKAIOIINUX 3J0POBBIO U JKU3HU JIFOCH.

B cgpepe mpyoosozo socnumanusi:

KOMMYHHUKAaTUBHAsI KOMIIETEHTHOCTh B y4E€OHO-MCCIIEIOBATEILCKON JESITENBHOCTH,
OOIIECTBEHHO MOJIE3HOM, TBOPUYECKON U APYTUX BUAAX NEATEIHHOCTH;

UHTEPEC K MPAKTUYECKOMY H3YUYEHHIO NMpodeccuil pa3uyHOro pojia, B TOM
YHClie HA OCHOBE MPUMEHEHUS MPEAMETHBIX 3HAHUN 10 XUMUU U (PU3UKE;

YBa)KE€HUE K TPYNY, JIIOISAM TPYAa U Pe3yJbTaTaM TPYAOBOU AESATEIbHOCTH;

FOTOBHOCTh K OCO3HAHHOMY BBIOOPY HMHAMBUAYaJbHOM  TpPAaGKTOPUHU
oOpazoBaHus, Oyayiien npodeccuu u peaan3anuu cOOCTBEHHbBIX )KU3HEHHBIX IJIAHOB
C YYeTOM JIMYHOCTHBIX MHTEPECOB, CHOCOOHOCTEl K HayKe, HMHTEPECOB
U IoTpeOHOCTEeM 0011IecTBa.

B cghepe sxonoeuueckozo eocnumanusi:

HKOJIOTMYECKU LIeJIeco00pa3Hoe OTHOLIEHWE K NPUPOAE KaK HCTOYHUKY
CYILIECTBOBAHMSI )KM3HU Ha 3€MJIE;

HaJU4HMe Pa3BUTOrO KOJIOTMUYECKOTO MBILUICHUS, YKOJIOTHUECKOW KYJbTYpHI,
OMbITA JIESITEIbHOCTH 3KOJIOTMUECKOW HANPaBJIEHHOCTH, YMEHUSI PYKOBOJCTBOBATHCS
UMHU B MO3HABATEIbHOM, KOMMYHUKATUBHON U COIIMAIBHON MPAKTUKE, CIOCOOHOCTH
Y YMEHUS aKTUBHO MTPOTUBOCTOSTH UACOJIOTUU XeMOPoOuu;

CIIOCOOHOCTh MCIOJIb30BaTh NPHOOpETaeMble MPU H3YYEHUU HAHOXUMHH
3HAHMST W YMEHHUS TPU PEIICHUH TPOoOJIeM, CBSI3aHHBIX C PalMOHAIBHBIM
PUPOAOTIOIB30BaHUEM (COOIOICHUE TIPABUII MIOBEJICHUS B IPUPO/IE, HAMPABIICHHBIX
Ha COXpaHEHUE PABHOBECHS B AKOCUCTEMAX, OXPAaHY BUIOB, IKOCUCTEM, OUOCHEpPHI);

OCO3HaHHE TJI00ANTBbHOIO XapakTepa HKOJIOTMYECKUX MpoOJeM W MyTed HX
peuieHusl.

B cghepe yennocmeti nayunozo nosHanus:

MOHUMaHUEe crenuUKN HAHOHAYKH, OCO3HAHHE €€ poiu B (OPMHPOBAHUU

paduoOHAJIbHOI'O HAY4YHOI'0 MBINUJICHHUS, CO3AaHHMEC TCJIOCTHOrO MPEACTABICHHA
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00 OKpy’KarollleM MUpPE KaK O €JUHCTBE MPUPOIbI, YeTIOBEKa 1 00I11eCTBa, B IO3HAHUU
OPUPOAHBIX 3aKOHOMEPHOCTEH M PEIICeHUH NpoOJIeM COXpaHEHUsS MPUPOJTHOTO
paBHOBECHS;

MMOHUMAHUE CYIIHOCTH METOAOB ITO3HAHHUS, UCIOJIb3yEMBIX B €CTECTBEHHBIX
HayKaX, ClIOCOOHOCTH MCIOJIb30BaTh MOTyYaeMble 3HAHUS JIJISl aHATU3a U 0O bSICHEHUS
SBJICHUI OKPY>KalOUIEro MUpa U MPOUCXOMSIINX B HEM U3MEHEHHI, YMEHUE JeNaTh
00OCHOBaHHBIE 3aKJIIOUYECHHUS HAa OCHOBE HAyUYHBIX ()aKTOB U JAHHBIX, MOJTYYCHHBIX
B XOJIe  y4eOHO-MCCIIEIOBATEIbCKOIO  SKCHEPUMEHTA, C LEJbI0  MOJyYEHHUS
JIOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B MOJYYEHUU ECTECTBCHHO-HAYYHBIX 3HAHUN B LEJSAX
MOBBIMICHUS OOIIEH KYyJIbTYpbl, €CTECTBEHHO-HAYYHOU TPAMOTHOCTH KaK COCTaBHOM
4acTH (PYHKIIMOHAIBHOU IPaMOTHOCTH, POPMUPYEMOU TTPH O0YyUECHHH;

TOTOBHOCTh U CHIOCOOHOCTb K HEIPEPBIBHOMY 00pa30BaHUIO
¥ CaM0OOpa30BaHMI0, K aKTUBHOMY IIOJYYEHHUIO HOBBIX 3HAaHUW B COOTBETCTBHUU

C ) KU3HCHHBIMU HOTpe6HOCT51MI/I.

METAINIPEAMETHBIE PE3YJIBTATHI

B cgpepe o6nradenun noznasamenvHvimMu YHUBEPCANbLHLIMU YYEOHBIMU
oelicmeuamu:

baszoesvie nocuueckue oeiicmeusi:

CaMOCTOSITeNIbHO  (OpMyJIMpoOBaTh M aKTyaJu3upoBaTh  MpoOJeMy,
paccMaTpHUBaTh €€ BCECTOPOHHE;

HCIIOJB30BaTh MPU OCBOCHUU 3HAHUU TMPUEMBI JIOTMUECKOTO MBIIUICHUS
(aHaynn3a, CcHUHTE3a, CpPAaBHEHMs, KJIACCUPUIUPOBAHMS, OOOOIIEHHUs), pPACKPHIBATH
CMBICJI HAYUYHBIX TMOHATHU (BBIACIATh WX XapaKTEpHBbIC MPU3HAKHU, YCTAaHABIUBATH
CBSI3U C IPYTUMHU MOHITHUSIMM);

OTpEeNeNaTh IeJd ACATENbHOCTH, 3ajlaBas MapamMeTpbl U KPUTEPUU UX
JIOCTUKEHUSI, COOTHOCUTD PE3YJIbTAThI ACATEILHOCTH C ITOCTABJICHHBIMU IEJISIMU;

HCIIOJb30BaTh HAYYHBIC ITOHATHA IS 00BACHEHUS (baKTOB U SIBICHUM IIpUPOIbI;
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CTPOUTH  JIOTHUECKHE  pacCyXIeHHs  (MHAYKTUBHBIE, JEIyKTUBHBIC,
[0 AHAJIOTHH), BBISIBISITH 3aKOHOMEPHOCTH W MPOTHUBOPEUHS B PaCCMaTPUBAEMBIX
SBIICHUSX, (DOPMYTMPOBATH BHIBOABI U 3aKIIOUCHHS,;

MPUMEHSTh CXEMHO-MO/IEIbHBIE CPEACTBA JUISI MIPEICTABICHHS CYIIECTBEHHBIX
CBsI3€H U OTHOIIEHUHN B U3y4aeMbIX 00BEKTaX, a TAKXKE MPOTUBOPEUUN Pa3HOTO PoJa,
BBISIBJICHHBIX B Pa3IMYHbIX HHPOPMAIIMOHHBIX HCTOUYHUKAX;

pa3pabaTheiBaTh IJIaH PEIICHHS MPOOJEMBI C YYETOM aHAIM3a HWMEIOIIUXCS
MaTepHabHBIX U HEMAaTepUaJIbHBIX PECYPCOB.

baszoesvie uccneoosamenvckue oelicmsusi:

BIIQ/IETh HAYYHOW TEPMHUHOJIOTHEH, KIIOYEBBIMH TOHITHSIMH M METOJaMU
HAaHOHAYKU;

BJIQ/IETh HaBBIKAMHU y4E€OHO-HCCIEIOBATENIHCKON M MPOEKTHOM JEsSTEIbHOCTH,
HaBBIKAMU pa3pelieHus MpooieM; CIIOCOOHOCThIO M TOTOBHOCTBIO K CAMOCTOSITETIHBHOMY
MOUCKY METOJIOB PEIICHMs MPaKTUUYECKUX 3ajad, IPUMEHEHUIO PAa3InYHbIX METO0B
MO3HAHMS,

WCIIOJIb30BATh PA3IMYHbIC BU/IbI AEITEILHOCTH MO MOTYYCHUIO HOBOTO 3HAHUA,
€ro MHTEePIPEeTALNU, IPEOOPa30BAHNIO U IPUMEHEHUIO B YUEOHBIX CUTYyalUsIX, B TOM
YHCIIe IPU CO3aHNH YUEOHBIX M COIMABHBIX TPOEKTOB;

(dopMuUpOBaTh HAYUHBIM TUIT MBIIUICHHUS, BIAJCTh HAyYHON TEPMUHOJIOTHEH,
KJIIOYEBBIMU MTOHATHSIMH U METOJIaMU;

CTaBUTh U (POPMYJIMPOBATH COOCTBEHHBIE 33Ja4l B 00pa30BaTEIbHON JESITEIbHOCTH
Y )KU3HEHHBIX CUTYAaIIHsIX;

YMETb UHTErpPUPOBATh 3HAHUS U3 PA3HBIX MPEIMETHBIX 00J1aCTei.

Paboma c unghopmayueii:

BJIa/ICTh HABBIKAMH TOJIyYEeHUs MHPOPMAIUN W3 MCTOYHUKOB PA3HBIX THUIIOB,
CaMOCTOSITENIFHO OCYIIECTBIISATh MOUCK, aHAIN3, CUCTEMATU3alMI0 U UHTEPIPETALIIO
uHGOPMAIIUHU Pa3INYHBIX BUIOB U (OPM MPEACTABICHUS;

OLICHUBAThH JOCTOBEPHOCTh HHPOPMAIIHH;

(GopMynIupoBaTh 3ampoChl U MPUMEHATH Pa3WYHbIE METOJbl MPU IOUCKE

1 oTOOpe nHPopMaru, He0OXOAUMOM ISl BBITIOJIHEHUST YUEOHBIX 3a/1a4;
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CaMOCTOSTEIbHO  BBIOMpaTh  ONTHUMabHYIO  (opMy  HpeACTaBICHHS
nHpopMmaruu (cxemsl, rpaduKu, JUArpPaMMbl, TaOJIUIIBI, PUCYHKHU U JIp.);

WCIONB30BaTh HAyYHBIM SI3BIK B  KayecTBE CpeACTBAa Ipu  paboTe
¢ nHpOpMaIHEH: MPUMEHATh XUMUYECKHUE, (QU3MYECKHE M MATEeMATHYCCKUE 3HAKH
U CUMBOJIBI, bopmyIbI, ab0peBuarypy, HOMEHKJIATypy, UCII0JIb30BaTh
U TIpeo0pa30BhIBATH 3HAKOBO-CUMBOJIMYECKUAE CPEACTBA HATIISTHOCTH.

B cipepe o6nradenun ynusepcanoHolmu KOMMYHUKAMUBHBIMU 0CUCHBUAMU:

OCYIIECTBIISITH OOIIIEHNE BO BHEYPOUHOU JEATEIHLHOCTH;

pa3BEpHYTO U JIOTUYHO M3JlaraTh CBOIO TOYKY 3pPEHHS C HCIOJIb30BAHHEM
S3BIKOBBIX CPE/ICTB;

NOHUMATh M UCIOJIb30BATh MPEUMYIIECTBA KOMAHIHOW W WHIWBUIYAIbHOU
paboTHI;

BBIOMpATh TEMAaTUKYy U METOJbl COBMECTHBIX JCHCTBUM C ydeTOM OOIIUX
WHTEPECOB U BO3MOXKHOCTEN KaXKIOT0 YJIEHA KOJIJIEKTUBA;

MIPUHUMATh nenu COBMECTHOM NEATEIIbHOCTH, OpraHU30BBIBATH
Y KOOPJIMHUPOBATh JICUCTBUSL MO €€ JIOCTHXKEHUIO: COCTaBJIATh IUIaH JEHUCTBUM,
pacmpeienarh poJiM C YYEeTOM MHEHHUHA YYacTHUKOB, OOCYXIaTh pE3yJbTaThl
COBMECTHOM paboThI;

OIICHMBATh KAYECTBO CBOETO BKJIAJIa M KAXJIOT0 YYaCTHHUKA KOMAaH/bI B OOIIHIA
pe3ynbTaT 1Mo pazpaboTaHHBIM KPUTEPUSIM;

npejyiaraTh HOBBIE TMPOEKTHI, OILIEHUBATh WJEU C TO3UIUA HOBU3HHBI,
OPUTMHAJIBHOCTH, MMPAKTUYECKON 3HAUUMOCTH;

OCYILIECTBJIATh [O3UTUBHOE CTPATETMYECKOE IIOBEACHUE B  PaA3JIMYHBIX
CUTYaIUsX, POSIBISATh TBOPUYECTBO U BOOOpakeHUE, ObITh HHUITUATUBHBIM.

B cpepe o6nadenun ynusepcanvnvimu pecyiamueHuolMu 0CiiCMEUAMU:

Camoopzanuzayusi:

UCIIOIb30BaTh HAy4YHBbIC 3HAHUS IS BBISIBJICHUSI MPOOJIEM U UX PEIICHUS
B KU3HCHHBIX M YUYCOHBIX CUTYAIIHSIX;

CaMOCTOSITENIbHO OCYUIIECTBIIATh IO3HABATEIbHYIO JEATEIbHOCTh, BBISBIISITH

npo0IeMbl, CTaBUTh U (POPMYIIMPOBATH COOCTBEHHBIE 33/1a4H;
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CaMOCTOSITENIbHO COCTaBJISITh IJIAH BBIMIOJHEHUS! Y4eOHO-HCCIIEI0BATENbCKOTO
DKCIIEPUMEHTAa C YYE€TOM HMEIOIIHUXCA PECypCcoB, COOCTBEHHBIX BO3MOXHOCTEH
Y IIPEAIIOYTEHU M,

pacmMpsTh paMKH Y4eOHOTO MpeMeTa Ha OCHOBE JIMYHBIX MPEIITOYTCHHM;

JieJIaTh OCO3HAHHBIN BBIOOD, apTyMEHTUPOBATH €T0, OpaTh Ha C€0s OTBETCTBEHHOCTh
32 pELICHHUE;

OILICHUBATh IPUOOPETEHHBIN OIIBIT;

crocoO0cTBOBaTh (OPMHUPOBAHUIO U TPOSABICHUIO JSPYAUIMU B OOJACTH
€CTECTBEHHBIX HayK, IMOCTOSIHHO MOBBIIIATh CBOM 00pPa30BaTENbHBIN U KYJIbTYPHBIN
YPOBEHb.

Camokonmponw:

JaBaTh OIIEHKY HOBBIM CHUTYyallUsIM, BHOCHTb KOPPEKTHBBI B JESATEIBHOCTb,
OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB LEISIM;

NPUHUMATh MOTHBBI M apryMEHTbl JPYTMX @IPU aHalIu3€ pe3yJbTaToOB
JEATEIIbHOCTH;

UCIIOJIb30BaTh MPHUEMBI PeIIEKCUU JUIsl OLICHKU CUTYyallud, BbIOOpa BEPHOTO
peuieHus;

yMETh OILICHUBATh PHUCKH M CBOEBPEMEHHO MPUHUMATh PEIICHHUS [0 HUX
CHUKEHHUIO.

Ipunsamue cebs u opyaux.:

IMIPUHHUMATb ce6$[, ITIOHHMMas CBOM HCAOCTAaTKHN U JOCTOMHCTBA,

NPU3HABATH CBOE MPABO M MPABO JAPYTUX HA OMIHOKH.

NPEAMETHBIE PE3YJIBTATHI

ITo utoram peanuzanuu [Iporpammel ooyuaromuecs: OyayT 3HATh:

OCHOBHBIE TOJIOKEHHUSI 3aKOHOB, TEOPUM, 3aKOHOMEPHOCTEH, MPaBUJI, TUIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKH M HAHOTEXHOJIOTHH;

Oouorpadguveckre JaHHbIE U OCHOBHBIC IOCTHXKCHUS BEIYIINX MPEICTAaBUTEEH

HAyKH O JUCIICPCHBIX CpE€aax U HAHOXHUMHH,
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OCHOBOIIOJIAralIIe HAHOXMMHYECKHE TEPMHUHBI U TOHATHA (HAHOYACTHUIIA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPbI, HAHOCUCTEMBI U JIP.);

CTPOE€HHE OCHOBHBIX HAJMOJIEKYJSIPHBIX CTPYKTYp, HIPHCYTCTBYIOILUX
B JUCIIEPCHBIX CPEJIax;

BO3MO>KHOCTH HaIPaBJIEHHOTO CUHTE3a U MOTU(PHUKAIIMYA HAHOCTPYKTYPHUPOBAHHBIX
BEILIECTB U MAaTE€pHUAaJIOB,;

(YHKIIMOHAJIBHBIE ~ BO3MOXHOCTH  HAaHOCTPYKTYPHUPOBAaHHBIX  BEILECTB
Y MaTEepUAJIOB;

OCHOBHBIE METOJ/Ibl HAYYHOI'O MO3HAHMS, UCMOJb3yEMbIE B HAHOXUMHUYECKUX
Y HAHOTEXHOJIOTMYECKUX MCCIIEOBAHUSAX;

KJIFOUEBbIE JOCTHKEHUS B 00JIACTH HAHOTEXHOJIOTUH;

OCHOBHBIC ITPHUJIOKCHUA HAHOCTPYKTYPHUPOBAHHBIX BCIICCTB 1 MATCPUAJIOB.

[To uroram peanuzaruu [Iporpammsl oOyyaromuecs: Oy1yT yMeThb:

MOJIb30BATHCSI TEPMUHOJIOTHEN, OTHOCSIICHCS K HAHOXUMUY M HAHOTEXHOJIOTUH,

pas3uyaTh pazTUIHbIC YPOBHH OpraHu3aIuu MaTepuu
B HAHOCTPYKTYPHUPOBAHHBIX OOBEKTAX;

coOupaTh MIapo-CTEPIKHEBBIE MOJIENN CTPYKTYP HAHOOOBEKTOB,;

PUMEHSTH TPOrpaMMHOE 0OECTICUSHHE JIJISl BU3yalIU3aIlii MPOCTPAHCTBEHHOM
CTPYKTYpPBI HAHOOOBEKTOB;

IJIAHUPOBATh M  TPOBOJUTH  YYEOHO-HCCIEAOBATEIBLCKUI  AKCIIEPUMEHT
M0 U3yYECHUIO CBOMCTB JUCIIEPCHBIX CUCTEM;

aHAJIN3UPOBAThH M300paKEeHUS HAHOCTPYKTYPHUPOBAHHBIX 00BEKTOB,
MOJTyYCHHBIC Pa3TUIHBIMA METOAAMH U3yUICHHSI;

YCTAaHABIWBATh  B3aUMOCBS3M  MEXKIy  HAyKOH HW  TEXHOJIOTHSIMH,
HaHOMAaTEpHUAJIaMU ¥ X CBOMCTBAMHU, METOJAMU UCCIIEAOBAHUS U UX BO3MOKHOCTSIMU;

OIICHWBATh JTHUYECKUE AaCTEKThl COBPEMEHHBIX WCCIICIOBAaHUN B 0O0JacTH
HAHOTEXHOJIOTHM;

CaMOCTOSATENIbHO pabdoTaTh ¢ HWCTOYHHWKAMH JIOTIOJIHHTEILHON JINTEpaTyphl

Y MHTEpPHET-pecypcamu, BKJIIOYask PECypChbl Ha aHTJIUHCKOM SI3bIKE.
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TEMATHYECKOE IINTAHUPOBAHHUE

No Haumenosanue Konuuecmeso Ilpoepammnoe Xapaxmepucmuka
n/n pazoenos yacos codepoicanue oesimenbHOCIU
u mem Kypca ooyuarwuxcs

Pasznen 1. Opraﬂn3aunonnoe 3ansaTHe «HaHOXHUMHS M HAHOTEXHOJIOTHS KaK

MEXKIUCHUIITIHHAPDHAA 00J1aCTH»

1.1. | Beenenue
B [Iporpammy

DOpMBI U METOJIBI
nesreiabHocTU. Ilnan
paboOTHI HA YUEOHBIH
rox. MucTpykTax
M0 TEXHHUKE

0€30I1aCHOCTH

[lepBuunas
IuarHocTuka. BxogHnoe

TECTUPOBAHHUC

Hroro no pazneny

2

Paznea 2. UcTopus Hayku o

AUCHEPCHBIX CUCTEMAX

2.1 | Havano uzyuenus
MIOBEPXHOCTHBIX
ABJICHUI

U TUCIIEPCHBIX

CHCTEM

4

Kanunnsipe! 1 3akoH
Jlarmaca. U3yuenue
ancoporuu (K. Hleene,
T. JloBum).
Merainyueckue 3014
(M. Dapaneii).
bpoyHnoBckoe
nemwxkenne. OcMoc

u auanus (T. [pam).
Kommongaeie cuctemsi.
Omnpenenenue yncna
Asoraznpo (K. Ileppen).
DddexT Pebunpaepa.
Tepmun
«HAHOTEXHOJIOTHI»,
UCTOPUS €T0 MOSBICHUS
Y TIOTYJISIpU3aliN

(P. deitaman,

H. Tanuryru,

9. dpexcnep)

Yuebno-
uccne008amensCKull
IKCnepUMEHM:
N3yuenue ancopouuu
KpacuTeseH ¢ OMOIIBIO
AKTUBUPOBAHHOTO YTJISI.
Omnpenenenue ero
COpOIIMOHHOM

CIIOCOOHOCTH

Hroro no pazneny
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Pasnen 3. OcHOBBI (M3HKH NOBEPXHOCTH H JUCIIEPCHBIX CpPef

3.1 | OcHOBBI GQU3NKH 4 DU3NKO-XUMUYECKUE Vuebro-
MOBEPXHOCTH CBOICTBa aTOMOB uccne006amenbCeKull
Ha TIOBEPXHOCTH. IKCNepUMEHM:
[ToBepxHOCTHOE Omnpenenenne
HATKCHHE. AZICOPOLS. | [10BepXHOCTHOrO
CmaunBanue HATSKEHUS BOJIBI
METOJIOM OTpbIBa
Karesb
3.2 | CpoiicTBa 4 OneKkTpuyecKue Vuebro-
AHUCIICPCHBIX CPEa CBOMCTBA. uccneo0o8amenbCKull
Y CTOWYUBOCTD. OKCNEepUMEHM.:
DU3UKO-XUMHYECKas OreHKa TOJIIIMHBI
MCXaHHKa rpaduToBOI TUHUN
B 3aBHCHUMOCTH
OT MSTKOCTH KapaH/jaIia
Wroro mo pazneny 8

Pasnen 4. IlucnepcHble cucTeMbl: NOJy4YeHHe U IPUMEHeHUe

4.1 | Knaccupukanms 2 Housrns Ilpakmuyeckas paboma:
JUCTICPCHBIX CUCTEM «HAaHOMAaTepHaIy, MozenupoBatue
«HaHOOOBEKT». CTPYKTYpPbl HAHOUACTHI]
Buib HaHOOOBEKTOB PasHOTro pasmepa,
(0D, 1D, 2D; CpaBHEHHE JJOJIH
MHKPO-, MC30- ITOBEPXHOCTHBIX aTOMOB
¥ MaKpOIIOPUCTHIE). 1 umcaa
Apxue npuMeps! HECKOMIICHCUPOBAHHBIX
IIPOSABIICHUA BAJICHTHOCTEMN
pa3MepHoro ¢ ¢ekra
4.2 | luctiepcHbie 2 [Tens1, aspo3omu Vuebro-
CHCTEMBHI, WA a3poreiii uccaedo8amebCKull
coJieprKaliye 9KCNepuUMeHm:
ra3oByio ¢a3zy Omnpenencane
YCTOMYUBOCTH MEHBI
MOIOILIUX CPEJCTB
4.3 | JucniepcHbie 2 3051, Tenu, IMYJIbCUU Vuebro-
CHUCTEMEI, A CyCIICH3UM. uccaedo8amebCKull
cojiep Kaliue ITonoxenue 3o0nen SKCHEPUMEHM.

KUAKYIO pa3y

Ha mKaJIe ATUCIICPCHOCTH

KOJITIOUJHBIX CUCTEM

ITonyuenue 30nen
HAHOCTPYKTYPUPOBaH-
HOTO cepebpa
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4.4 | ducnepcHsble 3 IToBepxHOCTHO- Vuebno-
CUCTEMBI, AKTHBHBIC BCIICCTBA. ucce008amenbCeKull
cojepiKaniue MeMOpaHbl, MULIEIIBI dKCnEpUMEHM.:
IMOBEPXHOCTHO- U JTUIIOCOMEL. N3y4enue BausHUA
AKTHUBHEIC BEIIECTBA buonornueckue TOBEPXHOCTHO-
JHCIEPCHBIE CUCTEMBI AKTHBHBIX BEIIECTB
Ha IOBEPXHOCTHOE
HaTsHKEHUE
45 | Meroabl 1 Oddexr Tungans. Vuebro-
BU3YalIU3alUU AHajus TpaeKTopHi ucciedosamenbCKull
HAHOYACTHII JBHKCHHS HAHOYACTHIL | sxcnepumenm:
JlemoHcTparus
s dexra Tungans
Ha JMCIEPCHBIX
CHCTEMaX Pa3JIMYHOI0
pona
Wroro mo pazneny 10

Pa3zgen 5. MeToabl cuHTE3a

HAHOCTPYKTYPUPOBAHHBIX BCIIECCTB U MaTEepHUaAJIOB

5.1 | IlpuHiun «cBepxy- 2 [puHumnb HONYYCHUS | [Tpaxmuyeckas paboma:
BHU3 HaHOCTPYKTYP. [TocTpoenne monenu
«CBEpPXY-BHU3» IUTaHEeTapHOI
U «CHH3Y-BBEPX)». MeJTbHUIbI
[Tonyuenue rpadena.
OcoGenHocTr paboThHI
TUTAHETAPHBIX MEITLHUI]
5.2 [IpuHnun «cHU3y- 8 OcHOBEI Yyebno-
BBEPX» CyIpaMOJIEKYJISIPHOM uccne0o8amenbCKuil
xumun. CamocOopka. 9KCNepUMeHm:

Mertoapl CHHTE3a
HAHOYACTHIL, «MATKOMN
XAUMHEH» — 30b-Telb,
«TOMOT'€HHOTO
OCaXKICHUS,
obparénno-
MHULETUISIPHBIMN,
MHUKPO3MYJIbCUOHHBIN;
tepmosns, CVD.
Mertoab! CTaOMIIH3anT

HaHOYaCTHII:

lazodasnsrii cuntes
HaHOKPUCTANINYECKOTO
XJIOpUJIa aMMOHHUSI.
ITonyuenue 3o0nein
HaHOMAarHeTuTa,
HaHOPa3MEPHOTO
JTUOKCH/Ia TUTaHA,
OepIIMHCKOM Ja3ypH.
[Tomy4yeHne HaHOTIEHOK
cepebpa Ha CTEKIISTHHON

noutoxkke. Orenka ux
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cTepuyecKasi, XxelaTHas,
ANIEKTPOCTATUYECKAS,
uMMOOuIn3anuei

B MaTpHulIe.
HampaBnenHslil cunTes
HaHOOOBEKTOB:
KBaHTOBBIE TOUKH,
HAHOILJICHKH, 00BEMHEIC
HaHOMaTepHabl.
Moaudukarnusi CBONCTB

HaHOMAaTCpHaJIoB

TOJIILIMHBI.
[IpomexxyTouHas

arrecranus

Hroro no pazneny

10

Bcero xoinuecTBO 4acoB

no IIporpamme 3a roa

34
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11 KIIACC

No Haumenosarnue
n/n pazoenos

u mem Kypca

Konuuecmeo

Hacoes

Ilpoepammnoe

cooeporcamiie

Xapaxkmepucmuxa
oesamenpHocmu

obyuarowuxcs

Pa3nes 6. MeToasb! ucc/jie10BaHUS HAHOCTPYKTYPHPOBAHHBIX BellleCTB U MaTePUAJIOB

6.1 | Onrtuyeckue 4 Onruyeckue CBOMCTBA | Vyepno-
METObI HAHOYACTHI] uccne008amenbeKuil

Y HAHOMAaTEPUAJIOB. oKCnepumenm:
Mukpockormust. MUKpPOCKOIIMYECKOE
AndpakinoHHbIii M3ydeHHe NPENapaToB
npezien. PoToMETpHSL. HaHocepeOpa Ha CTeKJax
Crekrpodoromerpusi:
M3MEpEHHE IPOITYCKaHMSI,
HOTJIOLICHUS,
JFOMHUHECHEHITHH.
JnHamuueckoe
CBETOpaccesiHue

6.2 | DnexkTpoHHas 3 [IpocBeunBaromias Ilpaxmuueckas paboma:

MUKPOCKOTIHS AIIEKTPOHHAS CpaBHHTENBHBIN aHAIN3

MHUKPOCKOIIHSL. M300paxeHUM
Ckanupytormas HAHOCTPYKTYD,
AIIEKTPOHHAS HOJTY4EHHBIX
MHUKPOCKOIIHSL. 3JIEKTPOHHOU
Oco0eHHOCTH U3Yy4EHHUSs | MUKPOCKOTIHEN
OMOJIOTHYECKUX
00BEKTOB
Ha HAHOYPOBHE

6.3 | PerrrenoBckas 4 PentrenodasoBbiit Ilpakmuueckas paboma:

TU(PPaKTOMETPHS

aHanu3. YIIUpeHue
MHUKOB KakK MpPU3HAK
HAaHOOOBEKTa U KaK
croco0 OIIEHKH pa3Mepa
KPUCTAJUTUTOB.
PeHTreHoCTpyKTYpHBIH
ananu3. Onpenenexue
CTPYKTYPHBI
HaHOPa3MEePHBIX
00BEKTOB HA ATOMHOM

YpOBHE

Buzyanuzanus cTpykTyp
6MONOJIMMEPOB,
HIOJTY4EHHBIX METOJIOM
PEHTI€HOCTPYKTYPHOTO

aHalJli3a
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6.4 | Ckanupyromas 6 TyHHenbHas Yuebno-
30H0Bas MUKPOCKOIHUSA. ATOMHO- | UcCCed08amenbeKutl
MHUKPOCKOIIHUS CUJIOBasi MUKPOCKOIIUS. | 9KCHEpUMEHM.:
Ananuz H3ydeHue noBepxHocTH
HAHOCTPYKTYPBI METOJIOM aTOMHO-
ITIOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIMH.
Crartuueckuit
U IUHAMUYECKUN Ilpaxmuueckas paboma:
PEKHUM CKAaHUPOBaHMS | AHAITU3 U300paXKCHUH,
MOJTyYEHHBIX METOJIOM
aTOMHO-CHJIOBOM
MHUKPOCKOIIUH,
C TIOMOIIIBIO
COBPEMEHHOT0
MPOrPaMMHOTO
obecrnieueHus
Hroro no pazneny 17

Paznen 7. @yHKIIHOHAIbHBIE CBOHCTBA HAHOCTPYKTYPHPOBAHHBIX BellleCTB H MATEPHAJIOB

7.1 | ®yHKUMOHAJIbHBIE ) CepxHH3Kas Yuebno-
CBOMCTBA BEILECTBA, CMayuBaeMOCTb. uccne008amenbCKull
o0ecrieynBaeMble CBepXIpoYHOCTb. IKCHEePUMEHM!
HaHOMaTepHalaMu BricokotemneparypHast | zydenue «xddexra
CBEPXIPOBOJUMOCTb. JIOTOCa» Ha MpUMepe
Ceepxdunbrparnus. JIETIECTKA PO3BbI.
CBepXbsSIpKOCTb W3mepenune kpaeBoro
CBETOUCITYCKaHUSI. yria
Cyxas aare3us
(bnoMmumeTHKa
reKKoHa). MarHuTHble
CBOMCTBA
Hroro no pazneny 5

Pasnen 8. HaHOTeXHO10IMH — NEPCNIEKTHBBI PA3BUTHS M COCTOSIHME HAYKH

HA CerOAHAIIHUA JeHb

8.1 | CoBpemeHHbIE
NPUMEHEHHS

HaHOTCXHOJIOTHH

OO6mmit 0630p
COBPEMEHHBIX
MIPUMEHEHUIN

HaHOTCXHOJIOTHMH

Buxmopuna:
Hanorexnonornu

B HAllIEHN KU3HU
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8.2 | YrneponHsie 2 Ocobas posb yrnepoaa | [Ipakmuueckas paboma:
HaHOMAaTEepHAaJIbI B HAHOMMpE. MonenupoBanue
dynnepensl, Tpadex, MIPOCTPAHCTBEHHOM
HAHOTPYOKH CTPYKTYPHI (yJIIEPEHOB
8.3 | Hanomarepuaibl 2 Hanomarepuansl Yuebno-
JUTSL SHEPTETUKU B TOIIMBHBIX uccne0o8amenbCKull
AIIEMEHTAaX. 9KCNepuUMeHm:
Jlutnit-uonHwie N3mepenne emkocTr
aAKKyMYJISITOPBI. JTUTHH-UOHHOTO
CynepkoHeHCcaTopbl aKKyMyJIsITOpa
8.4 | HaHonnekTpoHHKa 2 3akoH Mypa. Ilpaxmuueckas paboma:
TexHnonornueckui AHanu3 n300paxeHus
IIPOLIECC MPOU3BOJACTBA | IOBEPXHOCTU KOMIIAKT-
WHTETPATBHBIX JIICKa
MukpocxeM. CUCTEMBbI
3anucu uHGOpMaIuu
8.5 | Hanomarepuaibl 2 Hanonunarnocruka. Ilpakmuueckas paboma:
B MEIUIUHE IIpumeHenne Busyanuzanus
U DKOJIOTUHU HAaHOMAaTepHalloB POCTPAHCTBEHHOM
B TEpaIlnu. CTPYKTYpbI
HanocopOeHTH!. HaHOOMOIpenapaToB
@oTOKaTAIU3ATOPHI. C IIOMOLIBIO
Camoouncrka COBPEMEHHOT0
MPOrPaMMHOTO
oOecrnieuyeHus
Wroro mo pazneny 9

Pa3nen 9. AkryanbHbie mpodJieMbl B 00J1a

CTU HAHOXMMHUHU U HAHOTECXHOJIOTHH

9.1 | Hduckyccus 3 AkTyanbHble IpobsieMsl | MITorosas arrecranus.
B 00J1aCTH HAHOXMMHUHK | 3adeTHas pabota
Y HAHOTEXHOJIOTUU

Hroro no pazneny 3

Bcero koin4yecTBo 4acos 34

no IIporpamme 3a roa
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OPI'TAHUM3AIIMOHHO-IEJAT'OT'MYECKHUE YCJIOBUS PEAJIM3AIIUA
ITPOI'PAMMBbI

Metoanueckoe odecneyenre peaausauuu [Iporpammsl

I[Ipu peamuzamuu [IporpaMMbl B yuyeOHOM MPOIECCE  HMCIOJIB3YIOTCS
METOJMYECKHE TOCOOHs, MUIAKTHUECKHEe Marepuaibl, (pOTo- M BHIEOMATEpPHAIHI,
KOHCTPYKTOPBI JJIsi CO3JIaHMS IIApO-CTEP>KHEBBIX MOJICJIEH XUMHUYECKUX CTPYKTYp;
KYpHaJIbl W KHUTH, O030phl M OPHUTHHAIBHBIC IyOJMKAIuu, O0a3bl JTaHHBIX,
MpOrpaMMHOE OOECIICUECHUE Il PUCOBAHUSI XUMHYECKUX CTPYKTYpP U BU3yaTIU3aALU
MIPOCTPAHCTBEHHBIX 00BEKTOB, ITpoune MaTepuansl B Cetu MHTEpHET.

[Ipn npoBeieHNM 3aHATUI UCITOIB3YIOTCH:

® CIIOBECHBIE  METOJbl  OOydYeHMS:  JICKUMH, OOBSICHEHHUs, Oecenpl,
KOHCYJIbTalIUH;

® HArjisAHbIE  METOJbI ~ OOY4YeHHMS.  MpE3eHTAllMH, BHUJEOMAaTEepUalIbI,
BU3yaJIN3allNH;

® ICCJICIOBATEIbCKUE METO/Ibl OOYYEHHUSI — BBINOJHEHUE OO0YYarOIUMUCS
ONPEACICHHBIX HCCIIEA0BATEIbCKUX 3aJTaHU M.

YcBoeHue Marepuasia  KOHTPOJUPYETCS TMPU  TOMOIIM  TECTHUPOBAHUS
Y BBIMIOJIHEHUSI MPAKTUYECKUX 3aJlaHUi. 3aKIIOYHTEIBbHOE 3aHSATHE MPOBOIUTCS

B (popme 3aueTHOM pabOTHI.

MarepuajbHO-TEXHUYECKHUE YCJI0BUs peanusannu [Iporpammel

[IponykTuBHOCTh PabOTHI BO MHOTOM 3aBHCHUT OT KadecTBa MaTepUaIbHO-
TEXHUYECKOTO OCHauleHusi mnpouecca. IIporpamma peanusyercss B ayAUTOPUHU
oOpa3oBaTeILHON OpraHU3allid C MPUMEHEHHWEM TEXHHUYECKUX CPEACTB OO0yuYeHUS
1 J1abopaTopHOTO 00OPYAOBAHHUS:

® KOMITHIOTEPHI YUHUTEIIS U 00ydIarONuXCs,

® HMHTEPAKTHUBHAS JOCKA;

e y4yeOHO-Hay4yHOE 000pyAOBaHUE MO (PU3UKE U XUMUMU.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCbI
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